This study was performed to determine the feasibility of using whole serum to detect antibodies to canine parvovirus (CPV) under nonlaboratory conditions and to evaluate the performance characteristics of an immunochromatography assay kit. Precise detection of levels of antibody against CPV in puppies can be used to determine a vaccination schedule, because maternal antibodies frequently result in the failure of protective vaccination, and can also be used to determine the antibody levels of infected puppies. Several methods for the titration of CPV antibodies have been reported, including the hemagglutination inhibition (HI) assay, which is considered the "gold standard." These methods, however, require intricate and time-consuming procedures. In this study, a total of 386 serum specimens were tested. Compared to the HI assay, the rapid assay had a 97.1% sensitivity and a 76.6% specificity (with a cutoff HI titer of 1:80). This single-step assay could be performed rapidly and easily without special equipment. The kit provides a reliable method for detection of anti-CPV antibody where laboratory support and personnel are limited.
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Canine parvovirus (CPV) is a member of the feline parvovirus subgroup and is classified as an autonomous parvovirus of the family Parvoviridae (14) . After being detected in dogs in 1978 (1, 2, 7), CPV was found to be globally distributed and is now endemic in populations of domestic and wild canids (9, 13) . Young puppies are very susceptible to infection by CPV, particularly because the natural immunity provided by maternal antibodies in the colostrum may wear off before the puppies' own immune systems become mature enough to fight off infection. If a puppy is exposed to CPV during this gap in protection, it may be infected by CPV and become ill. Maternal antibodies provided by colostrum can interfere with an effective immune response to vaccination and may even cause vaccinated puppies to succumb to parvovirus infection. To narrow gaps in protection and provide optimal protective immunity against parvovirus during the first few months of life, a series of puppy vaccinations could be scheduled. However, interference caused by maternal antibodies is considered a major cause of CPV vaccination failure (5, 6, 8, 12, 17) , and it is therefore very important to know the antibody level before vaccination. Antibody can be titrated by a serum neutralization test (11), a hemagglutination inhibition (HI) test (4), or an enzyme-linked immunosorbent assay which is available commercially (16, 17) . Serum neutralization and HI tests, however, require laboratory facilities to perform and a long period of time to obtain results. Immunocomb testing based on an enzyme-linked immunosorbent assay (16) provides rapid results within 30 min but requires substantial handling.
In the present study, a one-step rapid test kit using purified CPV antigen, a monoclonal anti-CPV antibody detector, and an anti-canine antibody capture was developed and compared with the HI assay, often regarded as the gold standard of tests used to quantify antibody titers. Changes in serum antibody level during recovery from CPV infection in dogs were also measured with the one-step rapid test kit.
MATERIALS AND METHODS

Cells and viruses.
The CRFK cell line (CCL-94; ATCC) was used to propagate CPV. CRFK cells were grown as monolayer culture in Dulbecco modified Eagle medium (catalog no. 12100-046; Gibco) supplemented with 10% fetal calf serum and antibiotics. The C-780916 strain of CPV (VR-953; ATCC) was propagated using Dulbecco modified Eagle medium containing 2% fetal calf serum. The cell culture supernatant was harvested 3 to 4 days after infection and inactivated with a solution of 0.2% formaldehyde. The inactivated CPV was treated with polyethylene glycol 6000 (catalog no. 96245-1201; Junsei, Japan), followed by ultracentrifugation on a discontinuous sucrose density gradient as previously described (3) .
Monoclonal antibody production. Hybridomas producing mouse monoclonal antibodies to CPV were produced as follows. Spleen cells from BALB/c mice (female, 6 to 8 weeks old) immunized with purified CPV were fused to Sp 2/0 myeloma cells. Briefly, cell culture-grown CPV was highly purified and concentrated by affinity chromatography up to 2 15 hemagglutinating units (HAU). This CPV was mixed with complete Freund's adjuvant for the first immunization and mixed with incomplete Freund's adjuvant for the second and third immunizations. The fourth immunization was carried out with a 0.1-ml injection of intact CPV into the spleen directly. All immunizations were performed at seven intervals. Serum was taken from the tail of a mouse and screened for the presence of an HI titer. When the serum had an HI titer above 1:640, fusion with Sp 2/0 myeloma cells was performed. Hybridomas producing positive monoclonal antibodies in the screening test were selected and subcloned three times from a single cell by limiting dilution. Mouse ascites fluid was produced in BALB/c mice, and immunoglobulin G (IgG) was prepared by affinity chromatography using protein A-Sepharose (catalog no. 20365ZZ; Pierce). Western blotting was carried out as previously described (15) to confirm the specificities of the monoclonal antibodies (MAbs). Subtyping of cloned MAbs was carried out using goat anti-mouse IgGs (catalog nos. M5532, M5657, M5782, M5907, M6157, and M6032; Sigma). Among the antibodies produced by the cloned hybridomas, one MAb IgG1 subtype, designated CPV MAb 4c3, was selected and used as a CPV antigen detector after being conjugated to colloidal gold.
Polyclonal antibody production. Goat anti-canine IgGs and goat anti-porcine IgGs were prepared after immunization of goats with canine IgG and porcine IgG, respectively. Canine and porcine IgGs were isolated from sera of adult animals and purified by affinity chromatography using protein A-Sepharose (catalog no. 20365ZZ; Pierce). The test and control lines were coated with the anti-canine IgG and anti-porcine IgG, respectively, of the assay kit.
Conjugation with colloidal gold. CPV MAb 4c3 was conjugated to 30-nm colloidal gold beads as described previously (15) . Briefly, the CPV MAb 4c3 was dialyzed against 2 mM borate buffer (pH 9.0) for 1 h at 4°C and then centrifuged. The colloidal gold was adjusted to pH 8.9 with 0.2 M H 2 CO 3 and mixed with CPV MAb 4c3 for 2 min and then incubated for 8 min at room temperature. The gold conjugate (which forms the test line [T line] detector) was stabilized with 1% bovine serum albumin and 0.05% 20 M Carbowax. Before use, the detector was washed three times with phosphate-buffered saline containing 1% bovine serum albumin. Porcine IgGs purified by affinity chromatography were conjugated to colloidal gold by the same methods.
One-step rapid assay. (i) Test principle. This test is based on immunochromatography using two antibodies. The test kit includes a test strip in a plastic cassette (Fig. 1) . The capture antibodies were bound to three different lines on a nitrocellulose membrane: control line 1 (C1 line; 0.1 mg/ml goat anti-porcine IgG), the test line (1.0 mg/ml goat anti-canine IgG), and control line 2 (C2 line; 1.0 mg/ml goat anti-porcine IgG). Gold-conjugated CPV MAb 4c3 and goldconjugated porcine IgG were dried on a glass fiber (Fig. 1, gold pad) . Purified CPV (final titer, 2 10 HAU) was dried on cellulose paper (Fig. 1, sample pad) . The test strip was assembled in the order shown in Fig. 1 : sample pad, gold pad, nitrocellulose paper, and adsorption pad (cellulose paper). All pads overlapped to enable migration of the CPV-antibody complexes along the test strip.
(ii) Test procedure. Serum was diluted 1:25 with test buffer (0.4 M Tris, 1% Tween 20 [pH 7.5]), and 150 l of the diluted serum was added to the sample hole of the kit. CPV antibodies in the canine serum were bound by purified CPV and then complexed with the colloidal gold-conjugated anti-CPV MAb 4c3. When these complexes migrated to the immobilized antibody (goat anti-canine IgG) in the T line, they were bound by the anti-canine IgG and a purple band formed (goat anti-canine IgG-canine serum antibody-purified CPV-CPV MAbcolloidal gold). The color density is proportional to the antibody titer. The immobilized anti-porcine IgG in the C1 and C2 lines binds the gold-conjugated porcine IgG independently of the CPV antibody. The bands on the control lines confirm that the test was performed correctly and additionally are equivalent to high and low titers of antibody, as measured by the HI assay, so that the band density of the T line can be compared to known titers. The reagents were adjusted such that the band density of the C1 line was equivalent to a 1:80 HI titer and that of the C2 line to a 1:640 HI titer.
(iii) Results. The band density of the T line is compared to those of the C1 and C2 lines 20 min after sample application. If the band strength of the T line is higher than that of the C2 line, a high (above 1:640) antibody titer to CPV is present in the serum. This is indicative of a good immune status. However, if the band strength of the T line is between those of the C1 and C2 lines, the antibody titer to CPV is moderate (between 1:80 and 1:320), as is the immune protection status. If the band strength of the T line is lower than that of the C1 line, the antibody titer to CPV is low (below 1:80), and a weakly protected immune status is indicated. All experiments were performed with the samples coded and blinded.
(iv) Serum samples. The reference sera were obtained by courtesy of Y.-K. Lim of Cheju University. The HI titers of the reference canine sera were 1:10, 1:40, 1:160, and 1:2,560. Serum samples from a total of 386 dogs were tested for CPV titer with the rapid assay. All sera were provided by animal hospitals in Korea. Serum samples were taken from dogs between 4 weeks to 5 years of age, regardless of vaccination history.
(v) Hemagglutination inhibition test. CPV antibody titer was also determined by use of the HI assay, as described by Carmichael et al. (4) . Briefly, all tests were carried out at 4°C using 1% pig erythrocytes and 8 HAU of CPV (C-780916). Sera were pretreated with kaolin and pig erythrocytes to remove nonspecific background. Sera were serially diluted in phosphate-buffered saline (pH 7.2), starting with a 1:10 dilution. Titers were expressed as the reciprocal of the highest serum dilution that completely inhibited the hemagglutination. Sera with HI titers of 1:80 or above were considered anti-CPV positive, and those with HI titers below 1:40 were considered anti-CPV negative.
(vi) Sera of dogs recovering from CPV infection. To identify the patterns of antibody titers through CPV infection and return the dogs to healthy status, paired serum samples from two dogs were evaluated with both the HI assay and the new rapid assay kit. Two hospitalized dogs which had been infected by CPV were intensively medicated with fluid therapy, antibiotics, and a nausea control agent. Serum samples were collected daily until the dogs recovered. All sera were stored at Ϫ20°C before testing. 
RESULTS
Monoclonal antibody production.
After screening hybridoma cells secreting anti-CPV antibodies into the culture supernatant, we cloned several hybridoma cell lines by limiting dilution and selected a suitable clone, which we designated CPV MAb 4c3. The prepared monoclonal antibodies bound a 64-kDa CPV protein by Western blotting (Fig. 2) and were identified as being of an IgG2a isotype.
Rapid assay kit application. The results of our newly developed assay were compared to those of the HI assay to measure antibody titers. The intensity of the colored band at the T line was proportional to the HI titer of the reference serum sample (Fig. 3) . Serum which had an HI titer below 1:10 did not produce a colored band at the T line. Serum which had a 1:40 HI titer showed a weaker band at the T line than the C1 line, and serum which had an intermediate antibody titer (1:160) produced a band whose density was intermediate between that of the C1 and C2 lines. Serum with a 1:2,560 HI titer developed a higher-density band strength at the T line than at the C2 line.
Correlation with HI titer. Sera from a total of 386 dogs were tested for CPV antibody using the rapid assay kit, and the results were compared to those obtained by an HI assay. The band at the T line became denser as the HI titer of the serum sample became higher (Table 1) . Table 2 shows the sensitivity and specificity of the rapid assay, determined using positive and negative serum samples. The sensitivity and specificity of the rapid assay were 97.1% and 76.6%, respectively, compared to the HI assay.
Anti-CPV antibodies in sera from recovering dogs. Two dogs which had recovered from CPV infection showed increased antibody titers. The HI titers of the two dogs were between 1:10 and 1:20 when they were hospitalized. However, from 3 to 4 days after hospitalization, the antibody titers had increased and finally reached between 1:160 and 1:320 when the puppies were fully recovered. The newly developed kit also showed that the band density of the T line increased with increasing health (Table 3) . On day 0, the band density was faint. On day 1, however, the band density of the T line became clear but appeared less dense than that of the C1 line. By day 2, the band density was the same as that of the C1 line. By day 7, the T line was denser than the C2 line.
DISCUSSION
The failure of anti-CPV vaccination in puppies is due primarily to maternal antibodies provided in the colostrum. Carmichael et al. (5) demonstrated that more than 95% of the dogs with HI titers less than 1:10 responded to the vaccine, but a The sensitivity and specificity of the rapid assay were 97.1% (338/349 samples) and 76.6% (36/47 samples), respectively. The band strength of the C1 line is equivalent to a 1:80 HI assay titer. T, band strength of T line; C1, band strength of C1 line.
only 50% responded when the HI titers were approximately 1:20. No animal with a titer greater than 1:80 at the time of vaccination became actively immunized. In a previous study, obvious clinical signs of CPV infection were observed only in dogs with maternal antibody titers of Ͻ80; conversely, dogs with an antibody titer of 1:160 were not clinically affected, despite the apparent infection (10) . Additionally, Pratelli et al. (11, 12) showed that the CPV 2b vaccine was able to elicit protective immunity in 100% of the pups whose HI titers were 1:10 to 1:40, 83% of the pups with a titer of 1:80, 57% of the pups with a titer of 1:160, and 60% of the pups with a titer of 1:320. Therefore, it is very important to know the antibody level to eliminate vaccination failure caused by high levels of maternal antibodies in puppies.
In order to provide a simple, easy-to-read, rapid test with excellent sensitivity and specificity for the detection of anti-CPV antibodies, we have developed a new kit using an immunochromatography membrane strip. The principle of the one-step rapid assay described in this paper is as follows. Any CPVspecific antibodies in the canine sera react with CPV directly in the sample pad. The CPV bound to canine serum antibodies binds the gold-conjugated anti-CPV MAb. The anti-canine sera-CPV-anti-CPV MAb migrates on the nitrocellulose membrane and binds the goat anti-canine IgG in the test line, resulting in a purple band whose intensity is proportional to the specific CPV antibody level. To interpret the results, the observer compares the color intensities of the test line and the control lines.
In this study, a variety of hybridoma cells which produced CPV-specific monoclonal antibodies were screened. We selected one hybridoma producing a secreted MAb that showed excellent reactivity in our test system. The selected MAb reacted with a 63-kDa protein of CPV which we assumed was VP2. VP2 is the major immunogen of CPV and is able to elicit the production of neutralizing antibodies. In the rapid assay, we used purified CPV for MAb binding to increase the sensitivity and specificity, because a partially purified CPV preparation increased the nonspecific background in the assay (data not shown). The partially purified CPV interfered with the reactions. For example, components from fetal bovine serum give false reactions.
We were particularly interested in determining whether the rapid assay kit could be used to quantify CPV antibodies. The assay yielded rapid results, was easy to perform without any specialized equipment, and showed a 97.1% sensitivity and 76.6% specificity, compared to HI assay results. The interpretation of test results, however, was equivocal in a few cases. Therefore, a further study for increasing the specificity is needed. Particularly, samples with 1:80 and 1:160 HI titers should be tested on a large scale. According to the criteria established in this paper, technicians who were conducting this assay experienced some difficulties in discriminating the band densities, particularly when the band density of the T line was similar to that of C1 line. None of the 386 serum samples analyzed in this study presented a "not valid" result when the newly developed rapid assay kit was used. Overall, this kit is very useful for determining maternal antibody levels and determining a vaccine program for puppies as well as evaluating the need to revaccinate adult dogs. Also, this kit could be used in the prognosis of CPV infection and the determination of appropriate medications at animal hospitals.
In conclusion, we have developed a new assay kit based on an immunochromatography method and have found that the kit could determine CPV antibody level and was easy to use. 
